Abstract: Sound frequencies >20 kHz elicit a startle response in crickets (Ermemobius carolinus) flying on a tether. This response consists of an abrupt stop in flight and extension of the metathoracic legs and presumably functions in the context of avoidance of echolocating insectivorous bats. Although frequencies below 15 kHz do not elicit a startle response, in simultaneous presentations with ultrasound, low frequency stimuli suppress the ultrasound induced startle. The effect of frequency on suppression was measured for 7 frequencies (3-9 kHz) at four intensities of the startle stimulus (40 kHz): 5, 8, 10 and 12 dB above startle threshold. Suppression was tuned to frequencies near 5 kHz. Tuning of suppression broadened, however, at the higher ultrasound intensities. Because suppressor growth (change in minimum suppression dB vs. change in 40 kHz dB) was >1 for 5-7 kHz and <1 for 3-4, 8-9 kHz, equal suppression curves flattened at the highest ultrasound levels, Startle threshold decreases with increases in ultrasound duration, and the temporal integration time constant was estimated to be 32.4 ms. In nonsimultaneous presentations of low frequency and ultrasound stimuli, however, no suppression occurs when the suppressing tone is >2 ms after or >5 ms before the ultrasound stimulus. These times suggest that integration across the low frequency (calling song) and high frequency (predator) channels is shorter than within the high frequency channel alone.
INTRODUCTION
Several insects in different orders have independently evolved sensitivity to ultrasound, presumably as a consequence of the selective pressure from echolocating, insectivorous bats ( 1) . Research presented here examined auditory sensitivity in the cricket Eunemobius carolinus (Gryllidae, Nemobiinae). Like field crickets (Gryllidae, Gryllinae), E. carolinus produces a species specific calling song that functions as a sexual advertisement signal which attracts male and female conspecifics (2) . Phonotaxis to singing males by flying individuals is often performed at night and thus puts individuals at risk from echolocating bats. In this study, we show that acoustic stimuli in the frequency range of bat echolocation elicits a startle response in flying E. carolinus. Furthermore, we use this ultrasound induced startle response as a behavioral assay of cricket audito~sensitivity.
FREQUENCY SENSITWITY
For all experiments, long winged E. carolinus were tethered dorsally at the pronotum to a wire using low melting point wax. Flight was induced and test stimuli were presented from speakers positioned at 30 cm from and 90°n ormal to the flying cricket. Thresholds were detetined using a 1 / 2 down (e.g. I response for 2 presentations), O / 2 up adaptive procedure with either a 1 or 2,5 dB minimum step size. Minimum interstimulus interval was 5 sec. The frequency tuning of the startle response, which consists of an abrupt stop in flight and extension of the metathoracic legs, was determined by presenting flying crickets (N=8) single 5 ms pulses with 1 ms ramps of 20 frequencies ranging from 2-65 kHz and visually noting the occurrence of a startle response. Figure 1A shows that frequencies >15 kHz elicit a startle response and that best sensitivity occurs at frequencies near 30 kHz (ea. 67 dB SPL).
Although frequencies below 10 kHz do not elicit a startle response, simultaneous presentation of such low frequency stimuli with ultrasound causes suppression of the ultrasound induced startle. We used two-tone suppression of the startle response to assay low frequency sensitivity for 7 frequencies (3-9 kHz) at four intensities of the startle stimulus (40 kHz): 5, 8, 10 and 12 dB above startle threshold. Both low frequency and startle stimuli were 5 ms in duration with 1 ms ramps. Suppression threshold was determined as the minimum level that suppressed the startle response in 2 / 2 presentations. Suppression thresholds are lowest for frequencies near 5 kHz ( Figure 1B) . Because suppressor growth (change in minimum suppression dB vs. change in 40 kHz dB) was >1 for 5-7 kHz and <1 for 3-4, 8-9 kHz, equal suppression curves flattened at the highest ultrasound levels. The 5 to 7 kHz range encompasses the carrier frequency of the male calling song in E. carolinus and greater growth for this band in the two-tone suppression paradigm may reflect a greater dynamic range relative to that in other frequency bands. 
TEMPORAL PROCESS~G
For E. carolinus, startle threshold decreased as ultrasound duration increased (Figure 2A ). Using a leaky integrator model, the time constant for integration was estimated to be 32.4 ms (10.9 dB/decade), In two-tone suppression experiments in which the startle and suppression stimuli do not occur simultaneously, however, the interval over which suppression occurs appears to much smaller than that found for the integration of ultrasound alone. Using 5 ms pulses of 6 and 40 kHz, Figure 2B shows that no suppression occurs when the suppressing tone is >2 ms after or >5 ms before the ultrasound stimulus. Like nonsimultaneous masking in humans (3), this critical suppression interval (ca, 5 ms) is much smaller than the integration time measured for a single tone. Onset 40 kHz re. 6 kHz (ins) GW 2. A, Relationship between stimulus duration and threshold for eliciting a startle response (N=l 4), Squares are the mean thresholds (*SE) for eliciting a response to 40 kHz pulses with 1 ms ramps at varying durations. The dashed curve represents the least squares fit to the data for art exponential integrator, tau=32.4. B. Mean (*SE) suppressor stimulus dB (re. 40 kHz dB) required to suppress the startle response as a function of the difference in onset time of the two stimuli.
